The Cu, Cr and Pb concentrations were determined in Mugil cephalus and Eleginops maclovinus, fish species inhabiting the mouths of the Maule and Mataquito Rivers (Maule Region, Chile) which are consumed by the coastal population in large quantities. Measurements were taken by flame atomic absorption spectroscopy to analyse representative muscle tissue of the two species. The method was validated using certified reference material (DOLT-1). The concentration ranges of Cu, Cr and Pb (mg . kg -1 , dry weight) in Mugil cephalus from the Maule river were: Cu 0.5-36.2; Cr 0.3-6.3; Pb 0.4-11.2 and from the Mataquito river varied between: Cu 0.6-23.2; Cr 0.3-6.0 and Pb 0.4-11.1. For the species Eleginops maclovinus from the Maule river the concentration ranges were: Cu 0.8-13.2; Cr 0.2-5.6; Pb 0.2-9.6 and from the Mataquito river: Cu 0.5-18.4; Cr 0.2-3.2 and Pb 0.3-4.0. The concentration ranges of Cu and Cr recorded in the two species of fish are within the levels permitted by FAO and EPA, however the concentrations of Pb in Mugil cephalus originating from both estuaries exceeds the levels permitted by current legislation. The statistical analysis done with one way ANOVA (p < 0.05) indicated that for each metal there are no significant differences between the species and the two sampling sites; however with two way ANOVA between the species and the two sampling sites a significant difference was found for Cu and Cr, but not for Pb.
INTRODUCTION
In recent decades special attention has been paid to learning about the presence of toxic materials in river mouths and estuarine zones, where large quantities of contaminants are concentrated originating from industrial and domestic waste, generated especially by big cities 1-2 . Unlike organic contaminants, heavy metals do not suffer biological or chemical degradation in nature; the compounds which contain them may be altered, but the toxic metals remain and their stability means that they may be transferred over considerable distances and bioaccumulated in aquatic organisms of the trophic chain, such as fish, which then constitute a danger to human health when used for food 3 .
Fish are more sensitive than invertebrates to toxic metals, and their metabolism acting principally through the liver, kidneys, pancreas and muscle is seriously damaged in the presence of these metals. The pathological damage produced in fish allows the toxicity of the environment to be defined, making them highly suitable for evaluating the quality of an aquatic system [4] [5] [6] [7] [8] [9] .
Today, there are considerable proofs to show that heavy metals signify a threat to human health when ingested in sufficient quantities, and therefore special attention should be paid to the areas used by man for obtaining his food, since they are generally the same areas where he discharges the waste from all his activities [10] [11] [12] . For this reason, there is particular interest in studying the degree of contamination in river mouths, which provide the majority of the nutrients consumed by the marine species used by man 3 .
In Chile, there are a number of geographical zones exposed to the toxic effects of certain chemical compounds, including the Maule Region where important urban, industrial and agroforest development has occurred [13] [14] [15] . This fact has caused an alarming increase in the volumes of waste which are dumped directly into the nearest bodies of water in the Region. The cumulative effects of these chemical contaminants cause a serious deterioration in the aquatic environment [16] [17] . The distribution of certain heavy metals in an aquatic ecosystem depends, among other things, on the physical-chemical characteristics of the waters and the capacity for bioaccumulation of the organisms which compose the biota [18] [19] . 20 . Both hydrographic systems receive the impact of domestic and industrial waste, the latter resulting basically from the processing of agricultural produce, the food and soft drinks industries, leather tanning, and the wood industry and its derivatives.
The contamination of aquatic environments by heavy metals and their subsequent impact on organisms is dramatic in estuaries, especially when these are close to towns or industrial zones. In the present study, two wood pulp plants were recorded: Constitución and Licantén, located close to the mouths of the Maule and Mataquito rivers respectively 21 .
The majority of the work published using organisms as bioindicators for contamination have concentrated on invertebrates, principally molluscs and crustaceans. However the use of fish as indicators of aquatic contamination is today widely recognised [22] [23] [24] [25] [26] .
In the present work, the concentrations of copper, chromium and lead were studied in muscular tissue of fish of the species Mugil cephalus and Eleginops maclovinus, taken from the mouths of the Maule and Mataquito rivers. Both species are typical of estuarine zones and are extensively consumed by the local population. The concentrations of the various metals in the two species will enable the degree of contamination of the two hydrographic systems to be diagnosed, and variations in the concentrations of the metals between the two species to be detected. At the same time, the results obtained may be compared to similar studies carried out by other authors and with the international norms currently in force with respect to the content of metals in fish for human consumption.
EXPERIMENTAL

Study area
Considering the hydrographic basins of the Mataquito and Maule rivers, in the north and south of the VII Region respectively, two sampling zones were selected, corresponding to the mouths of the two rivers, located in Iloca for the Mataquito river (35º00'57'' S -72º10'52'' W) and Constitución for the Maule river (35º19'06''S -72º24'32''W). Fig. 1 shows the geographical locations of the points selected. 
Sample taking
Samples were taken in four collection campaigns at the mouths of the Maule and Mataquito rivers (VII Region, Chile). The first in July (winter) and the second in October (spring) 2005, the third in April (autumn) and the fourth in December (summer) 2006. The samples were collected by purchase at the point where they are brought ashore by local fishermen whose livelihood is to catch and sell Mugil cephalus (lisa) and Eleginops maclovinus (róbalo) in the towns of Constitución and Iloca, located at the mouths of the Maule and Mataquito rivers respectively.
The fish were gutted in the field and plastic material was used to extract part of the muscle, which was immediately placed in a freezer in pre-treated and labelled plastic containers, until it could be treated chemically.
Chemical treatment
The reagents used were of high purity (Suprapur, Merck, Darmstadt, Germany). The cleaning of the material was fundamental to guarantee optimum results in analysis. The plastic and glass material was washed with non-ionic detergent and abundant deionised water, then treated with a solution of nitric acid (HNO 3 ) 10 % v/v for 48 hours, and finally rinsed three times with bidistilled water.
The samples of muscle were lyophilized to a constant weight, using a Labconco lyophilizer, ground and strained through a 0.5 mm nylon mesh. The samples were homogenised and kept in pre-treated plastic containers for subsequent analysis.
For digestion, 1.0 g of sample was weighed out and 10 mL of Suprapur nitric acid was added. The samples were then dried almost completely under an extractor fan, with constant stirring, using a heating plate set to 90 o C. The resulting solution was filtered and washed with bidistilled water, and made up to a final volume of 25 mL in a pre-treated volumetric flask. The analyses were done in triplicate with a control solution for each.
The measurements were done by flame atomic absorption spectroscopy, using a Unicam spectrophotometer mod. 969 with deuterium background corrector.
Validation of the method
The method of analysis was validated using certified reference material Tables 2 and 3 show average concentrations, with maximum and minimum values, of Cu, Cr and Pb in representative samples of muscle from Mugil cephalus and Eleginops maclovinus collected at the mouths of the Maule and Mataquito rivers (Maule Region, Chile). A population of 46 representative samples was considered for each species in the two sampling sites. According to results, the copper content in the muscle of both species taken from the mouths of the Maule and Mataquito rivers varied between 0.5 and 36.2 mg . kg -1 (dry wt), higher values than those recorded in the bibliography (Table 4) , where the values in muscle from three species of fish taken from the Mediterranean Sea (Turkey) fluctuated between 0.04 and 5.43 mg .
RESULTS AND DISCUSSION
kg
-1 (dry wt) 27 ; between 0.9 and 6.9 mg . kg -1 (dry wt) in muscle from the species L ramada taken from the Tagu Estuary (Portugal) 2 ; and between not detected and 1.68 mg . kg -1 (wet wt) in the species L cephalus from south-western Turkey 28 (Table 4) .
The results for chromium in muscle of the two species taken from the river mouths fluctuated between 0.2 and 6.3 mg . kg -1 (dry wt), values which are in the same range as those presented by other authors in muscle of different species of fish from various sites 27-29 (Table 4) . For lead, the levels of concentrations in the two species from the mouths of the Maule and Mataquito rivers varied between 0.2 and 11.2 mg .
-1 (dry wt), with the maximum concentrations being slightly higher than that recorded for the species P. minutus from the Tagu Estuary 2 with 8.9 mg.kg -1 (dry wt) (Table 4) . . With respect to lead, the averages obtained for the species Mugil cephalus taken from the mouths of the two rivers exceed the limit established by FAO, which indicates a maximum of 2.0 mg . kg -1 , however the average concentrations of Pb in the species Eleginops maclovinus do not exceed the permitted concentration levels at the two monitoring points. For Cr no levels established by FAO are reported, however the concentrations recorded do not exceed those established by EPA, which indicates a maximum of 8.0 mg . kg -1 . To establish a ratio between the different variables considered (species, metals and monitoring points), one and two way ANOVAS were done with P < 0.05. For the one way Anovas, each of the species (Mugil cephalus and Eleginops maclovinus) was considered, comparing the two monitoring sites and with each of the metals (Cu, Cr and Pb) as the dependent variable, with no significant differences being recorded for any of the cases considered.
For the two way analysis, the two species of fish were considered in relation to the two sampling points and the concentration of each metal. The results indicate that when Cu and Cr are considered, significant differences only occur at the level of the fish, i.e. between Mugil cephalus and Eleginops maclovinus, with no significant differences presented in the other variables. In the case of Pb, there are no significant differences at the level of species, sampling points or the interaction between them.
CONCLUSIONS
The present study provides information on the concentration of copper, chromium and lead in two species of fish consumed in large quantities by the local population round the mouths of the Maule and Mataquito rivers, located in the central zone of Chile. Based on the samples analysed, the concentrations of copper and chromium in the edible parts of the fish are generally below the legal concentrations proposed by FAO and EPA, however the high concentration of lead in the species Mugil cephalus from both estuaries is a cause for concern, as it exceeds the permitted limits, and this element may be a potential indicator of the degree of contamination of the two river mouths as a result of domestic, industrial and agricultural discharges occurring in the Maule Region, (Chile).
